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●
The clinical need for new classes of antibiotic
continues to grow as drug resistance erodes the
efficacy of current therapies. Historically, most

antibiotics were discovered by random screening
campaigns. Over the past 20 years this strategy has
largely failed to deliver a sufficient range of chemical
diversity to keep pace with changing clinical profiles,
particularly resistance. A more rational approach to
drug-hunting has been greatly potentiated by the
availability of bacterial genomic information. The rapid
progress in sequencing and analysis of these small,
prokaryotic genomes has also enabled the concomitant
development of powerful new technologies that are
rapidly extending our ability to search for new agents.

● Approaches to drug hunting
In the past few years pharmaceutical research has
concentrated on two basic approaches in searching 
for novel antibacterial and anti-fungal compounds,
either target-based, semi-rational programmes or anti-
microbial screening. Both of these have advantages and
shortcomings as shown in Tables 1 and 2.

On balance the overall advantages of the target-based

strategies are obvious and many companies have 
now abandoned random screening of either chemical 
banks or natural products. An ideal target should be
different, essential to microbial cell survival, highly
conserved in a clinically relevant spectrum of species and
absent or radically different in man. Inhibition of this
activity could therefore cure the infection by killing the
potential range of bugs involved without damaging the
patient and activity should not be restricted by existing
resistance mechanisms. Furthermore, the ideal target
should be easy to assay, and therefore screen, and be
suitable for rapid structural analysis. None of this, of
course, is as easy as it seems! Searching electronic
databases can provide a quick profile of the current state
of knowledge around a specific gene. Bioinformatics has
had the greatest impact, however, in genomic analysis,
highlighting potential targets with interesting
properties: for example a number of companies have
built comparative genomic platforms which are
effectively capable of simultaneously comparing entire
genomes of a whole range of pathogenic species and
producing a rank order of conserved genes. This can 
now be achieved for a whole variety of clinically relevant
spectra, including organisms as diverse as Streptococcus
pneumoniae, Haemophilus influenzae and Mycoplasma
pneumoniae. Dissimilarity to the human genome can also
be built into the analysis, resulting in a list of targets
with potential selectivity over man and a useful
spectrum. Whether the target is essential is the next
question to answer. Simplistically, gene knock-outs can
easily provide this evidence; however, in reality it is very 
easy to be misled. A total loss of function (as created 
in a full gene knock-out) is an unlikely outcome from
biochemical inhibition by a compound in most cases.
Our work at AstraZeneca has demonstrated a surprising
number of genes which by definition are essential to
microbial cell survival, but where even trace expression
levels can rescue viability.

● Functional genomics
Having selected a target which theoretically can be used
to identify a compound of interest, the next step is to
transform theory into practice and design suitable
screens. Happily, there are many suitable targets with
established biochemistry which have not yet been
exploited in the clinic. Under these circumstances assay
development can be a trivial exercise and screening can
progress rapidly. However, there are some extremely
attractive targets which are poorly understood in terms
of function and biochemistry. Functional genomics is 
an umbrella which brings together both bioinformatic,
genomic, genetic and biochemical analysis to under-
stand and investigate genes of this type. The power of
linking information and approaches in this way is
perfectly illustrated by the Yeast Functional Data Base;
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Table 1. Random-screening-based drug hunting

Advantages

■ Selection for compound series which penetrate cells
■ Inhibitor → antimicrobial already present
■ Reproducible

Disadvantages

■ Most active compounds are toxic and non-specific
■ No rational basis for compound optimization
■ Spectrum unpredictable
■ Mixed mechanisms of action common

Table 2. Target-based drug hunting

Advantages

■ More sensitive – will pick up weak inhibitors and compounds which do not 
penetrate (these can be the starting point for a chemical programme)

■ Easy screening – enzyme inhibitors
■ Different approach (rational basis) and conventional screening is not 

highlighting many new agents
■ Ability to drive the search for novel compounds into new areas of biology
■ Ability to do rational drug design

Disadvantages

■ Need to turn in vitro enzyme inhibitor into antibacterial drug – not easy
■ Genetic validation of targets can be misleading
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reference to this source can provide a starting point for
investigation if not real evidence of analogous proteins.
In addition, many researchers have designed whole-cell
screens which respond to inhibition of specific targets,
without any prior understanding of biochemistry or
function.

● New applications of genomics
This is the point at which, until recently, the benefits of 
a genomic-based approach stopped. Conventional drug-
hunting involves high throughput screening of
compound banks, analysis of hits and rapid expansion of
active chemical series to establish true lead compounds
with antimicrobial activity. Alternatively, rational
design using structural information for guidance can
lead to the same outcome. Lead optimization then
methodically selects for improvements in drug-
associated properties such as minimum inhibitory
concentration (MIC), spectrum, bioavailablity and
pharmacokinetics, until finally suitable development
candidates are identified. Even with state-of-the-art
chemical technologies, such as combinatorial chemistry
or multiple parallel synthesis, chemical diversity cannot
always deliver the desired compound profile and failure
is a constant risk throughout this process. Many
companies have used genomics to select interesting new
targets; screening has revealed inhibitors and in some
cases compounds with significant antimicrobial activity.
However, there are no examples of compounds in
development which have come from these strategies, but
it is still early days.
● Future potential
The technologies associated with microbial genomics,
particularly bioinformatics, have radically changed 
our ability to follow target-based approaches. Sadly,
however, targets do not treat infections and the chemical
properties of a compound may not fulfil the profile 
of the target. The next generation of genomic-based
technologies is only just beginning to impact upon
addressing the risks of such strategies. Expression
profiling (microarray), proteomics and mutant libraries
combined have established the technology to invest-
igate, confirm, or establish the mechanism of action of a
compound, providing an important link between targets
of interest and compounds with attractive properties.
These technologies extend our capabilities further in the
area of functional genomics and also provide new tools
for the latter stages of drug-hunting, but the greatest
impact could be in facilitating the transformation 
of antimicrobial screening campaigns into rational
genomics-based drug-hunting programmes. Other 
tools are also emerging which could improve the quality
of our decision-making, for example structural genomics
will deliver an improved capability to judge the
similarity of microbial target enzymes against human

counterparts. An ideal technology platform would allow
for the combined advantages of both compound and
target-based screening. There is every reason to be
optimistic that this will be possible in the very near
future.
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